The presence of multiple quaternary carbon atoms is a common feature in a variety of natural products, particularly terpenoids. Even though several methods have been reported for the construction of a quaternary center, the presence of two or more quaternary carbon atoms in a contiguous manner provides challenging synthetic targets. In 1984, Rasmussen and co-workers reported 1 the isolation of the sesquiterpene 1a from the ethanolic extract of the roots of the Mediterranean umbelliferous plant, Thapsia villosa L. Simultaneously, Grande and co-workers reported 2 the isolation of the corresponding senicioate ester 1b from the benzene extract of the roots of Thapsia villosa var minor, along with five other hemiacetalic 1c-f, 2, and four nonacetalic 3a, 4a,b, 5 minor components, having the same carbon framework. The trivial name 'thapsane' was suggested for the bicyclic carbon framework cis-1,2,2, 6,8,9-hexamethylbicyclo[4.3 .0]nonane (6) containing the three contiguous quaternary carbon atoms which are present in these sesquiterpenes. In 1990, Christensen and co-workers reported 3 the isolation of three more thapsanes, two nonacetalic 3b,c and one hemiacetalic 1g, from T. villosa var minor. The presence of an interesting carbon framework containing three contiguous quaternary carbon atoms make the thapsanes challenging synthetic targets. In continuation of our interest in the synthesis of racemic and optically active thapsanes, 4 we have developed an approach to thapsanes containing an oxygen functionality at the C-3 position starting from Hagemann's ester 7, which is the subject of this communication.
Retrosynthetic analysis (Scheme 1) identified the bicyclic ketone 8, which could be obtained from the tricyclic ketone 9, as the ideal precursor for thapsanes containing an oxygen functionality at the C-3 position. It was contemplated that Claisen rearrangement of the allyl alcohol 10 followed by intramolecular cyclopropanation of the resultant g,d-unsaturated acid 11 could sodium dienolate of Hagemann's ester with methyl iodide at −100°C furnished regioselectively the g,gdimethyl Hagemann's ester 5 12 containing the first quaternary carbon atom. Ketalisation of the keto-ester 12 with ethanediol and p-toluenesulfonic acid (p-TSA) followed by regioselective reduction of the resultant ketal-ester 13 with lithium aluminum hydride (LAH) in ether at −70°C furnished the allyl alcohol 10. Johnson's orthoester Claisen rearrangement 6 of the allyl alcohol 10 with triethyl orthoacetate and propionic acid in a sealed tube at 180°C created the second quaternary carbon atom to furnish the ketal-ester 14, which on ester hydrolysis and careful acidification generated the ketal-acid 11 (Scheme 3).
For the creation of the third quaternary carbon atom, attention was focused on the conversion of the ketalacid 11 into the corresponding diazoketone. However, reaction of the ketal-acid 11 with oxalyl chloride in benzene, both in the presence as well as in the absence generate the tricyclic ketone 9. Furthermore, Hagemann's ester 7 was considered as a suitable starting material for the preparation of the allyl alcohol 10. Initially, the synthesis of the ketal-acid 11 was investigated (Schemes 2 and 3). Thus, dialkylation of the of triethylamine, furnished only the bicyclic ketoketal †7 15, mp 61°C, in 65% yield, contrary to the expected acid chloride. To overcome this problem, the ketal moiety in 11 was hydrolysed to furnish the keto-acid 16, which was converted into diazoketone 17 via the corresponding acid chloride. Stereospecific intramolecular cyclopropanation 8 of the diazoketone 17 with a mixture of copper powder and anhydrous copper sulphate in refluxing cyclohexane furnished the tricyclic dione 18, † mp 198-200°C, in 74% yield. After accomplishing the synthesis of the tricyclic dione 18 containing three contiguous quaternary carbon atoms, differentiation of the two ketones in 18 was addressed and for this purpose the preferred reduction of cyclohexanones when compared to cyclopentanones was exploited. 9 Thus, regio-and stereoselective reduction of the dione 18 with one equivalent of sodium borohydride in methanol furnished a 19:1 mixture of the hydroxy-ketones 19a and 19b in quantitative yield, via preferred approach of the hydride from the less hindered equatorial side, 10 and which were separated by column chromatography on silica gel. Etherification of the hydroxy-ketone 19a with sodium hydride and methyl iodide in the presence of a catalytic amount of tetrabutylammonium iodide (TBAI) in dimethylformamide (DMF) and THF furnished the methoxyketone † 20 in 94% yield, which on reaction with lithium in liquid ammonia 11 furnished the bicyclic ketone 21 (Scheme 4). The equatorial stereochemistry of the methoxy group in 21 was assigned on the basis of the coupling constants (11.0 and 3.3 Hz) of the axial proton attached to the methoxy bearing carbon, thus confirming the stereostructures of hydroxy-ketones 19a and 19b.
Next attention was turned towards the conversion of the methoxyketone 21 into thapsane, which requires the introduction of one carbon each at the C-8 and C-9 positions. To overcome the regiochemical problem, the methyl group was introduced prior to the cleavage of the cyclopropane ring. Thus, alkylation of the tricyclic ketone 20 with LDA and methyl iodide in THF and HMPA furnished the methylated ketone 22, mp 80-82°C, in 87% yield, in a highly stereoselective manner, 12 which on regioselective cyclopropane ring cleavage 11 with lithium in liquid ammonia and THF furnished a 2:1 mixture of the bicyclic ketone 23, mp 62°C, and the alcohol 24, mp 93°C, in 81% yield, which were separated by column chromatography on silica gel. PCC oxidation transformed the alcohol 24 into the ketone 23. 12 Finally, reaction of the ketone 23 with methylenetriphenylphosphorane in benzene at room temperature furnished 3-methoxythaps-8(11)-ene † 25 in 84% yield, which on isomerisation with a catalytic amount of p-TSA furnished 3-methoxythaps-8-ene † 26 in 76% yield. Synthesis of 25 and 26 constitutes the first total synthesis of thapsenes containing an oxygen functionality at the C-3 position.
In conclusion, we have accomplished the synthesis of (±)-3-methoxythaps-8-ene. A Claisen rearrangement and an intramolecular cyclopropanation reaction were employed for the stereospecific construction of the three contiguous quaternary carbon atoms.
